Introduction
Antimicrobial resistance is caused by pathogens changing in ways that render medicines ineffective against the infections they were previously used to treat, and is considered a global public health threat. 1 Inappropriate use of antibiotics favours selection of resistant bacteria and inadequate infection-control policies facilitate their spread. 1 One of the factors determining inappropriate use is doctors' antibiotic prescribing behaviour. Interventions are needed to identify and change these behaviours where needed, rationalize the use of antibiotics and contain further antibiotic resistance. The information to design these interventions may be obtained through knowledge, attitude and practice surveys of prescribers. However, few such surveys have been done specifically on this topic and most were done in the community setting; only two were done in middle-income countries and one in a low-income country. [2] [3] [4] [5] [6] [7] [8] We report a cross-sectional survey of doctors' prescribing behaviours in the Lao People's Democratic Republic. Data on antibiotic resistance in the country is scarce, but suggest that resistance is emerging quickly. 9 
Methods
The health system in the Lao People's Democratic Republic is organized according to the administrative areas in five different referral levels and all hospitals are public. We selected four of 17 provinces -Khammuane, Luangprabang, Sekong and Vientiane capital -that represent the national range of population density, prevalence of poverty (defined as people living below the poverty line, as reported in The geography of poverty and inequality in the Lao PDR report) 10 and service accessibility ( Fig. 1 and Table 1 ). In each selected province, we contacted all hospitals, including the four central tertiarycare teaching hospitals and the medical school in Vientiane capital. However, we excluded the military hospital and the police hospital in the capital.
Nineteen postgraduate medical doctors participating in the tropical medicine and international health master's programme at the Institut de la Francophonie pour la Médecine Tropicale in Vientiane capital were trained for at least two weeks as surveyors as part of the master's programme. The training included lectures and practical sessions on addressing public health concerns and survey conduct. No compensation for the training was given, but the surveyors were reimbursed for the costs of travelling to hospitals included in the survey. When training was finished, the surveyors contacted the hospital administrators to arrange an on-site visit during morning meetings between 3 and 12 April 2012. During the meetings, doctors who prescribed antibiotics were invited to fill out the questionnaires anonymously and return them to the surveyors at the end of the meeting. No financial incentive was given to the doctors that participated.
The survey
The knowledge, attitude and practice survey was based on a recent survey performed in Lima, Peru. 7 The English version of the questionnaire was reviewed for applicability by a Lao Objective To assess the antibiotic prescribing practices of doctors working in the Lao People's Democratic Republic and their knowledge of local antibiotic resistance patterns. Methods Doctors attending morning meetings in 25 public hospitals in four provinces were asked to complete a knowledge, attitude and practice survey. The questionnaire contained 43 multiple choice questions that the doctor answered at the time of the meeting. Findings The response rate was 83.4% (386/463). Two hundred and seventy doctors (59.8%) declared that they had insufficient information about antibiotics. Only 14.0% (54/386) recognized the possibility of cephalosporin cross-resistance in methicillin-resistant Staphylococcus aureus. Most participants had no information about local antibiotic resistance for Salmonella Typhi (211/385, 54.8%) and hospital-acquired pneumonia (253/384, 65.9%). Unnecessary antibiotic prescriptions were considered as harmless by 115 participants and 148 considered locally-available generic antibiotics to be of poor quality. Nearly three-quarters (280/386) of participants agreed that it was difficult to select the correct antibiotics. Most participants (373/386) welcomed educational programmes on antibiotic prescribing and 65.0% (249/383) preferred local over international antibiotic guidelines. Conclusion Doctors in the Lao People's Democratic Republic seem to favour antibiotic prescribing interventions. Health authorities should consider a capacity building programme that incorporates antibiotic prescribing and hospital infection control.
infectious diseases doctor and translated into Lao by a native Lao-speaking medical doctor proficient in English. The translated questionnaire was validated by translating it back to English by a medical doctor who was not involved in the survey preparation.
The questionnaire (available from corresponding author) comprised 43 multiple choice questions related to prescription of antibiotics. They were grouped into seven topics. The first six topics addressed attitudes and practices: (i) demographic and professional profile; (ii) awareness of antibiotic resistance; (iii) sources of information and continuing education on antibiotics; (iv) professional confidence and inputs sought when prescribing antibiotics; (v) factors influencing decisions about antibiotic prescribing; and (vi) the acceptability and appropriateness of potential interventions. For these six topics, answers were presented in a 6-point Likert's scale, ranging from "strongly agree" to "strongly disagree", from "very useful" to "not familiar with" or from "always" to "never". The seventh topic assessed basic knowledge -i.e. spectrum of antibiotics, crossresistance, pharmacologic properties -as well as case-based questions -i.e. choice, dosage and duration of antibiotic treatment, antibiotic treatment for watery diarrhoea and upper respiratory tract infection, dose adjustments in case of renal failure and safety during pregnancy. Two questions of national relevance -one on melioidosis and one on typhoid fever -were added to the seventh topic. The questionnaire also included two questions assessing knowledge of local antibiotic resistance: the resistance rate of Salmonella Typhi to trimethoprim/sulphamethoxazole and the proportion of cases of hospital-acquired pneumonia resistant to cephalosporins.
To prevent repetitive or socially desirable answers, we randomly ordered the first six topics. The knowledge questions were placed in the end of the questionnaire to avoid influencing the answers for the attitude and practice questions.
Ethical review
The study was reviewed and approved by the Lao Ministry of Health´s ethics committee on 27 February 2012. Written informed consent was deemed not to be necessary, since the study only assessed knowledge, attitude and practice of the participants and data were collected anonymously.
Statistical analysis
Data were entered by surveyors in a Microsoft Access database created specifically for the study (Microsoft Corporation, Redmond, United States of America). Questionnaires with missing data were included in the analysis. The six Likert's items were combined into two categories: "strongly agree/agree", "very useful/useful" and "always/most of the time" versus the remaining options of the scale unless otherwise stated. Categorical variables were expressed by proportions and their significance was assessed by χ 2 tests or Fisher's exact tests when appropriate. The results of the antibiotic knowledge questions (excluding the two questions about estimations of local antibiotic resistance) were expressed by the values 0 (not correct) or 1 (correct) and a score was calculated for a maximum of 10 points. Continuous variables were expressed by means and standard deviations (SD) and assessed for statistical significance using either Student's test, the unpaired Wilcoxon's test or the one-way ANOVA test. Statistical analyses were performed using the software STATA SE 11.1 (StataCorp LP, College station, USA) and 95% confidence interval was calculated. A two-sided P-value of ≤ 0.05 was considered as significant.
Results
The professional and demographic characteristics of participants are presented in 
Antibiotic resistance
Most participants (96.6%; 372/385) agreed that antibiotic resistance is a problem. However, more doctors agreed that the problem was greater globally (323/386) than nationally (288/383) and even fewer doctors saw it as a problem at their hospital (251/385) or in their practice (254/385). Seventy-six percent (293/386) of the participants thought that antibiotics are overused in hospitals as well as in the community setting, however only 47.1% (180/382; P = 0.001) agreed so for their own practice. There were significant differences between the four provinces in perception of overuse of antibiotics in the community. Whereas 82.8% (216/261) and 76.5% (13/17) of the doctors in Vientiane capital and Sekong, respectively, thought antibiotics were overused, only 61.4% (35/57) in Luangprabang and 56.9% (29/51) in Khammuane agreed (P < 0.001; Table 3 ). Table 4 ).
Sources of information
Doctors at provincial hospitals cited pharmaceutical companies as an information source more often than doctors in central and district hospitals (92.7%; 51/55 versus, 75.6% 167/221 and 71.5% 78/109 respectively, P = 0.021). The use of Internet was more frequently reported by participants with fewer years of professional experience, for example 95.8% (46/48) of the doctors with two years of experience reported using the Internet, while 66.2% (139/210) of the doctors with more than seven years of experience used this source. Furthermore, the Internet was more used in the province of Vientiane capital (83.3%; 215/258) than other provinces (Khammuane: 69.4%; 34/49, Luangprabang: 42.1%; 24/57 and Sekong: 50.0%; 8/16, P < 0.001; Table 4 ).
Half (49.2%; 190/386) of the participants reported that they felt very confident about their prescription of antibiotics, with most of the remaining participants (46.1%; 178/386) replying that they were somewhat confident. However, 72.5% (280/386) agreed that it was difficult to prescribe the correct antibiotics (Table 4) . 
Potential interventions
Local antibiotic guidelines were preferred over international guidelines for 65.0% (249/383) of participants and 22.0% (85/386) of participants 
Knowledge
The mean score for the knowledge questionnaires was 5.9 (SD 1.3; range: 2-10). There were no differences in results of the knowledge scores between participants' provinces, positions in the medical hierarchy, years of experience, frequencies in prescribing, departments or types of referral level. Most doctors had no information about local antibiotic resistance patterns for the pathogens causing typhoid fever and hospital-acquired pneumonia; 54.8% (211/385) and 65.9% (253/384), respectively. Of those who were able to give an estimate of the patterns, the replies were equally distributed among the different proportion categories (0-20%, 30-40% and 40-70%). For both conditions, most participants reported that they based their estimates on clinical experience.
Discussion
This survey of antibiotic prescribing practices of 386 doctors practicing in four provinces of the Lao People's Democratic Republic, has, like all such surveys, limitations. The multiplechoice format of the questionnaire may have contributed to a social-desirability bias. Not all doctors employed by the hospitals were present at the morning meetings. We focused on hospital doctors and did not assess antibiotic prescribing in the community. Although surveys can provide a snapshot of the situation, additional qualitative research is needed for a more comprehensive understanding of perceptions and practices in antibiotic prescribing.
The strengths of this survey include the balanced selection of provinces, the high coverage of hospitals and doctors from all medical levels, and the high response rate. In addition, the survey included all topics -except for economic incentives and workload issues -cited by the World Health Organization as influencing antibiotic prescribing. 1 Finally, the questionnaires were distributed and filled in on-site by all doctors attending the morning meeting, precluding access to other sources of information.
Awareness
As noted elsewhere, 2,7 antibiotic resistance was considered a problem by most participants. Even though more doctors thought that the problem was greater at national and global scales than in their own work, more than half answered that antibiotic resistance was 
Sources of information
As previously recorded in the Democratic Republic of the Congo and Peru, 2, 7 participants stated that they lacked access to information about prescribing antibiotics. Even though national guidelines were the most frequently-consulted information source, pharmaceutical companies ranked second. This is of concern, since promotional materials in poorly regulated settings may not always be compliant with current evidence-based and ethical standards.
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Younger doctors in the capital city were the most likely to use Internet sources, indicating that in the future, distance learning technologies could be a strategy to improve knowledge.
Decision-making
Patient pressure was recognized as a factor influencing antibiotic prescribing. However, our study showed this to be less of a factor than reported from the community setting in Peru 7 while similar to results from the Democratic Republic of the Congo. 2 The differences may be related to lower economic standards in the Democratic Republic of the Congo and the Lao People's Democratic Republic compared to the urban setting in the Peruvian study. Interventions to educate patients and the general public about antibiotic resistance and the dangers of irrational use are needed to counter the expectations of receiving an antibiotic prescription. 7 Of particular concern is the high proportion of participants who thought that unnecessary antibiotic prescriptions are harmless for patients; this belief may be driven by fear of treatment failure and lack of laboratory diagnostics. 1 Two-fifths of the doctors in our study considered that generics were low quality. This perception could be conditioned by reports of sub-standard and counterfeit antimicrobials in the southeast Asian market. 12, 13 There is on-going debate about the safety and efficacy of generic antibiotics in this context.
14 Generics have a vital role in standard treatment guidelines and essential medicine lists, provided that they are equivalent to the brand products. Lack of confidence in generics may influence health-care workers and patients to choose more expensive branded products. We recommend that prescription by international nonproprietary name should be encouraged. Quality needs to be assured along 
the procurement and supply chain and communicated effectively to professionals and the general public.
1

Potential interventions
Nearly all participants welcomed educational programmes on antibiotic prescribing and two-thirds of participants preferred local antibiotic guidelines. Since local committees to regulate the prescription and use of antibiotics within hospitals are not functional in the Lao People's Democratic Republic, we did not explore if such committees would be acceptable to doctors. However, antibiotic restrictions were perceived as less efficacious in decreasing the use of antibiotics.
Knowledge
Participants had higher knowledge scores on the use of antibiotics in life-threatening conditions -such as melioidosis, typhoid fever and meningitis. However, less than half of the participants knew how to correctly manage upper respiratory tract infections. Theoretical knowledge -such as antibiotic spectrum and dose reduction in renal failure -was meagre. Only a minority knew that MRSA is also resistant to cephalosporins. This may partly be explained by the current rarity of MRSA in the Lao People's Democratic Republic. 15 To our knowledge, diagnostic microbiology is only performed in three hospital laboratories, in the provinces of Khammuane (provincial hospital of Thakhek) and Vientiane capital (Mahosot and Sethathirath hospitals). The small number of microbiological culture facilities could contribute to doctors' limited knowledge of resistance patterns, not only for MRSA but also Salmonella Typhi.
For clear and unbiased surveillance of antibiotic resistance, prospective clinical sampling with well-defined criteria should be implemented nationwide. Such operational studies should be subsidized by the government and integrated with a capacity-building programme that includes antibiotic prescribing and hospital infection control. [16] [17] [18] [19] The findings from such studies should be disseminated through medical curriculum and continuing medical education and through local medical journals. de los antibióticos. Solo el 14,0 % (54/386) reconoció la posibilidad de resistencia cruzada con cefalosporina del Staphylococcus aureus resistente a la meticilina. La mayoría de los participantes no tenía información sobre la resistencia antibiótica local para la Salmonela typhi (211/385, 54,8 %) y la neumonía adquirida en el hospital (253/384, 65,9 %). 115 participantes consideraron inofensivas las prescripciones innecesarias de antibióticos y 148 consideraron que los antibióticos genéricos disponibles localmente eran de mala calidad. Casi tres cuartas partes (280/386) de los participantes convinieron en que era difícil elegir los antibióticos correctos. La mayoría de los participantes (373/386) acogieron bien los programas educativos sobre la prescripción de antibióticos y el 65,0 % (249/383) prefirió pautas locales para el uso de antibióticos frente a las internacionales. Conclusión Los médicos en la República Democrática Popular Lao parecen favorecer las intervenciones de prescripción de antibióticos. Las autoridades sanitarias deberían considerar un programa de capacitación que incorpore la prescripción de antibióticos y el control de las infecciones hospitalarias.
